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SEMICONDUCTOR MEMORY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of Korean Patent Appli 
cation No. 10-2007-0000566, ?led Jan. 3, 2007, the disclo 
sure of Which is hereby incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Embodiments of the present invention relate to a semicon 
ductor memory device, and more particularly, to a semicon 
ductor memory device having a plurality of sense ampli?ers 
Which output a plurality of sense ampli?cation enable signals. 

2. Description of the Related Art 
A semiconductor memory device uses a sense ampli?er 

Which receives a small signal to determine a voltage or current 
level and transmits it to an output pin in order to read data 
stored in a memory cell. 

A sense ampli?er having one terminal or a plurality of 
terminals is conditionally used to properly detect read data 
stored in a memory cell, and in most cases, the ?nal output 
terminal of the sense ampli?er uses a clocked regenerative 
ampli?er using a positive feedback characteristic since the 
?nal output of the sense ampli?er should have a poWer volt 
age or ground voltage level. 

The clocked regenerative ampli?er has an advantage in a 
self amplifying function in that an output signal of a poWer 
voltage level and a ground voltage level can be generated in a 
relatively short time When an enable signal transitions to a 
high level even in a case Where an input signal of a relatively 
small voltage level is applied. 
On the other hand, the clocked regenerative ampli?er has a 

disadvantage in that if error data are applied at a point in time 
When an enable signal transitions to a high level, a full latch 
form cannot change them properly them to accurate data, and 
a semi latch form can possibly change them to accurate data, 
but it can take a long time for this transition to accurate data. 

For the foregoing reasons, the clocked regenerative ampli 
?er can be used in contemporary semiconductor memory 
devices as a sense ampli?er, since a high manufacturing yield 
can be achieved to ensure that a sense ampli?cation enable 
period maintains a su?icient margin until a stable input signal 
is guaranteed. 

HoWever, if the sense ampli?cation enable time point is too 
late, an operation speed characteristic of the semiconductor 
memory device may be degraded, and thus a sense ampli? 
cation enable time point should be determined in light of the 
tradeoff betWeen manufacturing yield and operation speed 
characteristic. 

FIG. 1 is a block diagram illustrating a data output path of 
a conventional semiconductor memory device having a 
clocked regenerative ampli?er. The semiconductor memory 
vice of FIG. 1 comprises a memory cell 10, a bit line sense 
ampli?er 20, an I/ O sense ampli?er 30, a clocked regenerative 
ampli?er 40, a previous-step output driving circuit 50, and an 
output driving circuit 60. The I/ O sense ampli?er 30 com 
prises a current ampli?er 32 and a differential ampli?er 34. 

Functions of the components of the data output path of the 
semiconductor memory device of FIG. 1 are described beloW 
With reference to FIG. 1. 
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2 
The memory cell 10 receives a roW address to enable a 

Word line WL, and the bit line sense ampli?er 20 ampli?es a 
voltage corresponding to a charge stored in a capacitor C of 
the memory cell 10. 
The U0 sense ampli?er 30 receives outputs of a bit line BL 

and a bit line bar BLB of the bit line sense ampli?er 20 
through a global I/O line pair G10 and GIOB to amplify a 
current level through the current ampli?er 32 and the differ 
ential ampli?er 34. 
The clocked regenerative ampli?er 40 receives output sig 

nals IN and INB of the I/O sense ampli?er Which do not have 
a poWer voltage level or a ground voltage level from the I/O 
sense ampli?er 30 and outputs output signals Q and QB of a 
poWer voltage level and a ground voltage level in response to 
a state of the sense ampli?cation enable signal SA_EN. 
The previous-step output driving circuit 50 receives a posi 

tive output signal Q of a poWer voltage level and a negative 
output signal QB of a ground voltage level from the clocked 
regenerative ampli?er 40 and delays them by a predetermined 
time before outputting them through a data line. 
The output driving circuit 60 receives an output signal from 

the previous-step output driving circuit 50 and delays it by a 
predetermined time period before outputting buffered read 
data to a data I/O pin. 
An operation of the data output path of the semiconductor 

memory device having the clocked regenerative ampli?er 
according to the conventional art is described beloW With 
reference to FIG. 1. 
When an NMOS transistor N in the memory cell 100 

receives a roW address through its gate to enable the Word line 
WL, the NMOS transistor N is turned on, so that charge stored 
in the capacitor C is transmitted through the NMOS transistor 
N. 
The bit line sense ampli?er 20 receives charge stored in the 

capacitor C of the memory cell 10 in the form of an electric 
current through the bit line BL and the bit line bar BLB to 
?rstly amplify a voltage corresponding thereto. 
The U0 sense ampli?er 30 receives voltage outputs of the 

bit line BL and the bit line bar BLB Which are ?rstly ampli?ed 
by the bit line sense ampli?er 20 through the global I/ O line 
pair G10 and GIOB, and secondly ampli?es them at the 
current ampli?er 32 and then thirdly ampli?es them at the 
differential ampli?er 34. 
The clocked regenerative ampli?er 40 receives the thirdly 

ampli?ed voltage outputs Which do not have a poWer voltage 
level or a ground voltage level from the I/O sense ampli?er 30 
and receives the sense ampli?cation enable signal SA_EN 
through a clock signal input terminal, so that it is synchro 
niZed With the sense ampli?cation enable signal SA_EN to 
output the output signals Q and QB of a poWer voltage level 
and a ground voltage level. 

That is, the clocked regenerative ampli?er 40 as the latch 
form does not operate When the sense ampli?cation, enable 
signal SA_EN has a loW level, and it receives the voltage 
outputs IN and INB of the I/O sense ampli?er 30 Which are 
thirdly ampli?ed and does not have a poWer voltage level or a 
ground voltage level to generate in a short time, and output, 
the output signals Q and QB of a poWer voltage level and a 
ground voltage level by repetitive self ampli?cation While the 
sense ampli?cation enable signal SA_EN transitions to a high 
level and then maintains a high level. 
The previous-step output driving circuit 50 receives the 

positive output signals and the negative output signals Q and 
QB Which have a poWer voltage level and a ground voltage 
level from the clocked regenerative ampli?er 40 and delaying 
them by a predetermined time before outputting them through 
the data line, and so the output driving circuit 60 receives the 
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output signals and delays them by a predetermined time 
before outputting the buffered read data RD to the data I/O 
pin. 

FIG. 2 is a dispersion graph illustrating a relationship 
betWeen a sense ampli?cation enable signal generating time 
point and a manufacturing yield for the conventional semi 
conductor memory device. In FIG. 2, a horizontal axis 
denotes the sense ampli?cation enable signal generating time 
point, a vertical axis denotes dispersion of semiconductor 
memory devices manufactured, and the area beloW the dis 
persion curve line denotes the manufacturing yield. 
An operation speed of the sense ampli?er is in proportion 

to a generation time point of the sense ampli?cation enable 
signal SA_EN, and thus the faster the generation time point of 
the sense ampli?cation enable signal SA_EN, the faster the 
operation speed of the sense ampli?er, Whereas the sloWer the 
generation time point of the sense ampli?cation enable signal 
SA_EN, the sloWer the operation speed of the sense ampli?er. 
The operation speed of the sense ampli?er is in inverse 

proportion to the manufacturing yield, and thus the faster the 
operation speed of the sense ampli?er, the loWer the manu 
facturing yield of the semiconductor memory device, Where 
manufacturing yield can be related to a ratio by Which good 
quality dies are selected in a Wafer test process. 

Thus, semiconductor memory devices having a relatively 
fast generating time point of the sense ampli?cation enable 
signal SA_EN have a relatively loW manufacturing yield, 
Whereas semiconductor memory device having a relatively 
sloW generating time point of the sense ampli?cation enable 
signal SA_EN have a relatively high manufacturing yield, so 
that a relation therebetWeen has dispersion of a normal dis 
tribution. 

For example, assume that one million dies are produced 
from a semiconductor Wafer. In a relatively loW-speed semi 
conductor memory device in Which the generating time point 
of the sense ampli?cation enable signal SA_EN is 4 ns, up to 
9 hundred thousand dies are determined to be passed as good 
quality, Whereas in a relatively high-speed semiconductor 
memory device in Which the generating time point of the 
sense ampli?cation enable signal SA_EN is 3 ns, up to only 8 
hundred thousand dies are determined to be passed as good 
quality. 

Such discrepancy in yield can be caused from a mismatch 
such as an electrical parameter difference and a threshold 
voltage difference betWeen the NMOS transistors in the sense 
ampli?er and a capacitor difference betWeen the bit line BL 
and the bit line bar BLB. 

In order to resolve this discrepancy, since there is a restric 
tion to setting the optimum generation time point of the sense 
ampli?cation enable signal SA_EN for all dies on the semi 
conductor Wafer, the loW speed semiconductor memory 
device having a high manufacturing yield is ?rst produced by 
giving priority to a manufacturing yield or otherWise the high 
speed semiconductor memory device having a loW manufac 
turing yield is ?rst produced by giving priority to an operation 
speed. That is, one of the tWo methods for determining prior 
ity should be selected. 

SUMMARY OF THE INVENTION 

It is an object of the embodiments of the present invention 
to provide a semiconductor memory device having a plurality 
of clocked regenerative ampli?ers in Which a sense ampli? 
cation enable period maintains a su?icient time margin until 
a stable input signal is guaranteed in light of a manufacturing 
yield and also in Which sense ampli?cation enable time points 
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4 
are different to prevent an operation speed of the semicon 
ductor memory device from being degraded. 

In one aspect, a semiconductor memory device including a 
bit line sense ampli?er for amplifying a voltage correspond 
ing to a charge stored in a capacitor of a memory cell and 
outputting an ampli?ed voltage at an output and an I/O sense 
ampli?er for receiving the output of the bit line sense ampli 
?er, amplifying a voltage level of the output and outputting an 
ampli?ed voltage level, comprises: a sense ampli?cation 
enable signal control portion Which receives an initial sense 
ampli?cation enable signal, sequentially delays the initial 
sense ampli?cation enable signal by a plurality of predeter 
mined time periods and selectively outputs a plurality of 
delayed sense ampli?cation enable signals in vieW of both an 
operation speed and a manufacturing yield of a semiconduc 
tor memory device; a plurality of clocked sense ampli?ers 
Which each receive an output signal of the I/ O sense ampli?er, 
amplify the output signal of the I/O sense ampli?er in 
response to each of the plurality of delayed sense ampli?ca 
tion enable signals, and sequentially output an output signal 
of a poWer voltage level or a ground voltage level in response; 
and a previous-step output driving circuit Which sequentially 
receives the output signals of the plurality of clocked sense 
ampli?ers, delays the output signals of the plurality of 
clocked sense ampli?ers by a predetermined time period, and 
then intercepts an output of the clocked sense ampli?er of a 
previous step. 
The semiconductor memory device can further comprise: a 

plurality of pre-charge portions Which pre-charge both out 
puts of the plurality of clocked sense ampli?ers to the poWer 
voltage level in a state that each of the plurality of sense 
ampli?cation enable signals has a loW level and drops one 
output of the both outputs to the ground voltage level When 
each of the plurality of sense ampli?cation enable signals 
transitions to a high level; a plurality of driver input portions 
Which receive the plurality of sense ampli?cation enable sig 
nals, a ground voltage signal, and the output signals of the 
plurality of clocked sense ampli?ers and output an output of 
a corresponding clocked sense ampli?er before intercepting 
an output of a clocked sense ampli?er of a tWo-step prior; and 
an output driving circuit Which receives an output signal of 
the previous-step output driving circuit, delays the output 
signal of the previous-step output driving circuit by a prede 
termined time period and outputs buffered read data. 

Each of the plurality of driver input portions can comprise: 
a NAND gate Which receives and NANDs an inverted signal 
of a sense ampli?cation enable signal of a tWo-step later or the 
ground voltage and output signals of a clocked sense ampli 
?er of a one-step later through an input terminal thereof and 
outputs the NAND result; a ?rst NOR gate Which receives and 
NORs the output signal of the NAND gate and a negative 
output signal of a corresponding clocked sense ampli?er and 
outputs the NOR result; a second NOR gate Which receives 
and NORs the output signal of the NAND gate and a positive 
output signal of a corresponding clocked sense ampli?er and 
outputs the NOR result; a ?rst inverter Which inverts an output 
of the ?rst NOR gate and outputs the inverting result; and 
second inverters Which buffer an output of the second NOR 
gate and output the inverting result. 

In one embodiment, each of the plurality of driver input 
portions receives and NANDs an inverted sense ampli?cation 
enable signal of a tWo-step later together With positive and 
negative signals of a (N +l)-th clocked sense ampli?er 
through an input terminal of the NAND gate NAND to control 
an output signal to disable an output signal of the N-th 
clocked sense ampli?er and all output signals prior to the 
output signal of the (N—l)-th clocked sense ampli?er. 
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In another embodiment, each of the plurality of clocked 
sense ampli?ers is con?gured in a latch form for not perform 
ing an operation When each of the plurality of sense ampli? 
cation signals has a loW level, and generating and outputting 
output signals of the poWer voltage level and the ground 
voltage level in a short time by repetitive self ampli?cation 
While each of the plurality of sense ampli?cation signals 
transitions to maintain a high level. 

The sense ampli?cation enable signal control portion can 
comprise: a plurality of delays Which receive the initial sense 
ampli?cation enable signal, sequentially delay the initial 
sense ampli?cation enable signal by the plurality of predeter 
mined time periods and output the delayed result; and an 
enable signal controller Which receives the initial sense 
ampli?cation enable signal and the plurality of delayed sense 
ampli?cation enable signals, and outputs a short-time 
delayed sense ampli?cation enable signal for a high speed 
semiconductor memory device and outputs a long-time 
delayed sense ampli?cation enable signal for a semiconduc 
tor memory device of a high manufacturing yield. 

The previous-step output driving circuit can comprise: ?rst 
to eighth drivers in each of Which a second PMOS transistor 
serially connected to a ?rst PMOS transistor connected to the 
poWer voltage is serially connected to a second NMOS tran 
sistor serially connected to a ?rst NMOS transistor connected 
to the ground voltage; a NAND gate Which receives and 
NANDs an output signal of output terminals of the ?rst to 
fourth drivers connected to each other and an output signal 
output of output terminals of the ?fth to eighth drivers con 
nected to each other, and Which outputs the NAND result; and 
a NOR gate Which receives and NORs the output signal 
output of output terminals of the ?rst to fourth drivers con 
nected to each other and the output signal of the output ter 
minals of the ?fth to eighth drivers connected to each other 
and output the NORing result. 

The previous-step output driving circuit can operate such 
that positive and negative output signals of the plurality of 
clocked sense ampli?ers are alternately input to gates of the 
PMOS transistors and gates of the NMOS transistors of the 
?rst to eighth drivers so that the negative output signal of the 
N-th clocked sense ampli?er can intercept the positive output 
signal of the (N—l)-th clocked sense ampli?er and the posi 
tive output signal of the N-th clocked sense ampli?er can 
intercept the negative output signal of the (N —l)-th clocked 
sense ampli?er. 

In another aspect, a semiconductor memory device includ 
ing a bit line sense ampli?er for amplifying a voltage corre 
sponding to a charge stored in a capacitor of a memory cell 
and outputting an ampli?ed voltage at an output and an I/O 
sense ampli?er for receiving the output of the bit line sense 
ampli?er, amplifying a voltage level of the output and out 
putting an ampli?ed voltage level, comprises: a sense ampli 
?cation enable signal control portion Which receives an initial 
sense ampli?cation enable signal and delays the initial sense 
ampli?cation enable signal by a plurality of predetermined 
time periods in response to control of a delay control signal 
and selectively outputs the initial sense ampli?cation enable 
signal or the delayed sense ampli?cation enable signal in 
response to operation speed varying request signal in vieW of 
both an operation speed and a manufacturing yield of a semi 
conductor memory device; a plurality of clocked sense ampli 
?ers Which each receive output signals of the I/O sense ampli 
?er and amplify the output signals of the I/O sense ampli?er 
in response to the delayed sense ampli?cation enable signal to 
sequentially output an output signal of a poWer voltage level 
or a ground voltage level; and a previous-step output driving 
circuit Which sequentially receives output signals of the plu 
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6 
rality of clocked sense ampli?ers, delays the output signals of 
the plurality of clocked sense ampli?ers by a predetermined 
time period and outputs the delaying result, and then inter 
cepts an output of a clocked sense ampli?er of a previous step. 
The semiconductor memory device can further comprise: a 

plurality of pre-charge portions Which pre-charge both out 
puts of the plurality of clocked sense ampli?ers to the poWer 
voltage level in a state that each of the plurality of sense 
ampli?cation enable signals has a loW level and drops one 
output of the both outputs to the ground voltage level When 
each of the plurality of sense ampli?cation enable signals 
transitions to a high level; and an output driving circuit Which 
receives an output signal of the previous-step output driving 
circuit, delays the output signal of the previous-step output 
driving circuit by a predetermined time period and outputs 
buffered read data. 

The sense ampli?cation enable signal control portion can 
comprise: a variable delay Which receives the initial sense 
ampli?cation enable signal, delays the initial sense ampli? 
cation enable signal by a predetermined time period accord 
ing to control of the delayed control signal and outputs the 
delayed result; and an enable signal controller Which receives 
the initial sense ampli?cation enable signal and the delayed 
sense ampli?cation enable signal, and outputs the initial sense 
ampli?cation enable signal for a high speed semiconductor 
memory device and outputs the delayed sense ampli?cation 
enable signal for a semiconductor memory device of a high 
manufacturing yield When the operation speed varying 
request signal has a high level. 

In one embodiment, the variable delay comprises: a ?rst 
NAND gate for receiving and NANDing the initial sense 
ampli?cation enable signal and the delay control signal and 
outputting the NAND result; a delay portion for receiving an 
output signal of the ?rst NAND gate, delaying the output 
signal of the ?rst NAND gate by a predetermined time period 
and outputting the delaying result; a second NAND gate for 
receiving and NANDing the initial sense ampli?cation enable 
signal and an inverted delay control signal and outputting the 
NAND result; and a third NAND gate for receiving and 
NANDing an output signal of the second NAND gate and an 
output signal of the delay portion and outputting the NAND 
result. 

In another embodiment, the delay control signal is a signal 
for controlling Whether to delay the initial sense ampli?cation 
enable signal by using a mode register setting signal or a fuse. 

In another embodiment, the sense ampli?cation enable 
signal control portion transitions a sense ampli?cation enable 
signal of a corresponding step to a high level and a sense 
ampli?cation enable signal of the other step to a loW level 
When the operation speed varying request signal of the semi 
conductor memory device is applied With a high level in a 
state that the initial sense ampli?cation enable signal has a 
high level. 

In another embodiment, the sense ampli?cation enable 
signal control portion transitions the sense ampli?cation 
enable signal of the other step to a loW level to disable a 
clocked sense ampli?er of a previous step, thereby intercept 
ing an output of the clocked sense ampli?er of the previous 
step. 

In another embodiment, the plurality of clocked sense 
ampli?ers selectively output an output signal of the poWer 
voltage level and the ground voltage level for a loW speed 
semiconductor memory device Which is delayed in response 
to the plurality of sense ampli?cation enable signals or an 
output signal of the poWer voltage level and the ground volt 
age level for a high speed semiconductor memory device 
Which changes its operation speed to an operation speed 
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requested by an operation speed varying request signal of the 
semiconductor memory device. 

In another embodiment, each of the plurality of clocked 
sense ampli?ers is con?gured in a latch form for not perform 
ing an operation When each of the plurality of sense ampli? 
cation signals has a loW level, and generating and outputting 
output signals of the poWer voltage level and the ground 
voltage level in a short time by repetitive self ampli?cation 
While each of the plurality of sense ampli?cation signals 
transitions to maintain a high level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent to those of ordinary 
skill in the art by describing in detail preferred embodiments 
thereof With reference to the attached draWings in Which: 

FIG. 1 is a block diagram illustrating a data output path of 
a semiconductor memory device having a clocked regenera 
tive ampli?er according to a conventional art; 

FIG. 2 is a dispersion graph illustrating a relationship 
betWeen a sense ampli?cation enable signal generating time 
point and a manufacturing yield in the conventional semicon 
ductor memory device; 

FIG. 3 is a schematic block diagram illustrating a data 
output path of a semiconductor memory device having a 
clocked regenerative ampli?er according to an exemplary 
embodiment of the present invention; 

FIG. 4 is a dispersion graph illustrating a relationship 
betWeen a sense ampli?cation enable signal generating time 
point and a manufacturing yield in the semiconductor 
memory device according to the present invention; 

FIG. 5 is a block diagram illustrating a data output path of 
a semiconductor memory device having a clocked regenera 
tive ampli?er according to a ?rst exemplary embodiment of 
the present invention; 

FIG. 6 is a circuit diagram illustrating a variable delay of 
the semiconductor memory device of FIG. 5; 

FIG. 7 is a block diagram illustrating a data output path of 
a semiconductor memory device having a clocked regenera 
tive ampli?er according to a second exemplary embodiment 
of the present invention; 

FIG. 8 is a circuit diagram illustrating a previous-step 
output driving circuit of the data output path of the semicon 
ductor memory device of FIG. 7; and 

FIG. 9 is a timing diagram illustrating an operation of the 
previous-step output driving circuit of FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention Will noW be 
described more fully hereinafter With reference to the accom 
panying draWings, in Which preferred embodiments of the 
invention are shoWn. This invention may, hoWever, be embod 
ied in different forms and should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the invention 
to those skilled in the art. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. Like numbers 
refer to like elements throughout the speci?cation. 

FIG. 3 is a schematic block diagram illustrating a data 
output path of a semiconductor memory device having a 
clocked regenerative ampli?er according to an exemplary 
embodiment of the present invention. The semiconductor 
memory device of FIG. 3 comprises a memory cell 10, a bit 
line sense ampli?er 20, an I/O sense ampli?er 30, a sense 
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8 
ampli?cation enable signal control portion 100, a clocked 
regenerative amplifying portion 200, a previous-step output 
driving circuit 3 00, and an output driving circuit 60. The sense 
ampli?cation enable signal, control portion 100 comprises a 
plurality of delays 120-1 to 120-N and an enable signal con 
troller 140. The clocked regenerative amplifying portion 200 
comprises a plurality of clocked regenerative ampli?ers 
200-1 to 200-N, and the I/O sense ampli?er 30 comprises a 
current ampli?er 32 and a differential ampli?er 34. 

Functions of the components of the data output path of the 
semiconductor memory device of FIG. 3 are described beloW. 
The memory cell 10, the bit line sense ampli?er 30, the I/O 

sense ampli?er 30, and the output driving circuit 60 are sub 
stantially identical in operation to those of FIG. 1, and thus a 
description of those components is omitted. 
The sense ampli?cation enable signal control portion 100 

receives an initial sense ampli?cation enable signal SA_EN, 
sequentially delays it by a predetermined time through a 
plurality of delays 120-1 to 120-N, and outputs a plurality of 
delayed sense ampli?cation enable signals SAEN[1] to 
SA_EN[N] having a relatively constant time margin in light 
of a manufacturing yield of a semiconductor memory device 
through the enable signal controller 140. 
A plurality of clocked regenerative ampli?ers 200-1 to 

200-N commonly receive output signals IN and INB Which 
do not have a poWer voltage level or a ground voltage level 
from the I/O sense ampli?er 30 and respectively receive a 
plurality of delayed sense ampli?cation enable signals SAEN 
[1] to SA_EN[N], so that they selectively output output sig 
nals Q[l] to Q[N] and QB[l] to QB[N] of a poWer voltage 
level and a ground voltage level in response to the control of 
the corresponding sense ampli?cation signals SA_EN. 
The previous-step output driving circuit 300 sequentially 

receives a plurality of positive signals and negative signals 
Q[l] to Q[N] and QB[l] to QB [N] and delays them by a 
predetermined time period before outputting them through 
the data line. 

FIG. 4 is a dispersion graph illustrating a relationship 
betWeen a sense ampli?cation enable signal generating time 
point and a manufacturing yield in a semiconductor memory 
device according to embodiments of the present invention. In 
FIG. 4, the horiZontal axis denotes the generation time points 
of a plurality of delayed sense ampli?cation enable signals 
SAEN[1] to SA_EN[N], the vertical axis denotes dispersion 
of semiconductor memory devices manufactured, and the 
area beloW the dispersion curve denotes the manufacturing 
yield. 

Similarly to FIG. 2, let us assume that one million dies are 
produced from a semiconductor Wafer. If the generation time 
point of the sense ampli?cation enable signal SA_EN[l] is 3 
ns, a loW speed semiconductor memory device in Which dies 
of 80% are determined to be passed as good quality maintains 
a manufacturing yield of 90% by maintaining the generation 
time point of the sense ampli?cation enable signal SA_EN 
[N] to 4 ns, similarly to the conventional art, and a high speed 
semiconductor memory device Which is determined to be 
passed as good quality even When the generation time point of 
the sense ampli?cation enable signal is 3 ns maintains a high 
operation speed by separately outputting input data Without 
delaying the generation time point of the sense ampli?cation 
enable signal to 4 ns in order to maintain a manufacturing 
yield. 
As described above, according to the embodiments of the 

present invention, it is possible to manufacture the semicon 
ductor memory device having an improved operation speed 
characteristic While maintaining manufacturing yield at an 
appropriate level. 
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An operation of the data output path of the semiconductor 
memory device according to the exemplary embodiments of 
the present invention having the clocked regenerative ampli 
?er is described below With reference to FIGS. 3 and 4. 

The Word line enable operation of the memory cell 10, the 
operation of the bit line sense ampli?er 20 for receiving 
charge stored in the capacitor C of the memory cell 10 and 
?rstly amplifying a voltage, the secondly amplifying opera 
tion of the current ampli?er of the I/O sense ampli?er 30, and 
the thirdly amplifying operation of the differential ampli?er 
34 are substantially identical to those in the data output path 
of the conventional semiconductor memory device of FIG. 1, 
and thus detailed description thereof is omitted. 

The sense ampli?cation enable signal control portion 100 
receives the initial sense ampli?cation enable signal SA_EN 
of 3 ns in light of the manufacturing yield and sequentially 
delays it through a plurality of delays 120-1 to 120-N, each of 
Which delays it by 0.2 ns, Whereby it is delayed by 4 ns 
(SA_EN[N]) by the last delay. 
The enable signal controller 140 receives a plurality of 

delayed sense ampli?cation enable signals SA_EN[1] to 
SA_EN[N], and performs a control operation for having 
either the non-delayed initial sense ampli?cation enable sig 
nal SA_EN or a plurality of sense ampli?cation enable sig 
nals SA_EN[1] to SA_EN[3] Which are delayed during a 
short time output in light of the high speed operation speed for 
the high speed semiconductor memory device and for having 
the N-th sense ampli?cation enable signal SA_EN[N] Whose 
generation time point is delayed to 4 ns output in light of a 
manufacturing yield for the loW speed semiconductor 
memory device, as in FIG. 3. 
A plurality of clocked regenerative ampli?ers 200-1 to 

200-N commonly receive the thirdly ampli?ed output signals 
IN and INB from the I/O sense ampli?er 30 through their 
input terminals, respectively, and individually receive a plu 
rality of sense ampli?cation enable signals SA_EN[1] to 
SA_EN[N] Which are different in generation time point 
through their control terminals, respectively, so that the posi 
tive output signal Q[1] to Q[N] of the poWer voltage level and 
the negative output signals QB[1] to QB[N] of the ground 
voltage level are selectively output from the clocked regen 
erative ampli?er When the sense ampli?cation enable signal 
transitions to a high level. 

The previous-step output driving circuit 300 sequentially 
receives a plurality of positive signals Q[1] to Q[N] and a 
plurality of negative signals QB[1] to QB [N] from a plurality 
of clocked regenerative ampli?ers 200-1 to 200-N and delays 
them by a predetermined time period before outputting them, 
and the output driving circuit 60 receives the output signal 
from the previous-step output driving circuit 300, inverts its 
voltage level, and outputs the buffered read data to the data 
l/O pin (not shoWn). 

For example, assume that ?ve delays 120-1 to 120-5 are 
arranged in the sense ampli?cation enable signal control por 
tion 100 and each of the ?ve delays are con?gured to delay by 
a time period of 0.2 ns and the positive input signal and the 
negative input signal are set as valid When a ?fth sense ampli 
?cation enable time point is 3 .8 ns. The ?rst to fourth clocked 
regenerative ampli?ers 200-1 to 200-4 in Which their sense 
ampli?cation enable time point is 3.0 ns to 3.6 ns output 
invalid data, Whereas the fourth clocked regenerative ampli 
?ers 200-4 and 200-5 in Which their sense ampli?cation 
enable time points are 3.8 and 4.0 output valid data. 

Therefore, the sense ampli?cation enable period maintains 
a suf?cient time margin until a stable input signal is guaran 
teed, leading to a su?icient manufacturing yield of 90%, and 
the fourth clocked regenerative ampli?er 200-4 changes the 
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10 
sense ampli?cation enable time point that valid data are out 
put to 3.8 ns, and thus it is possible to manufacture the high 
speed semiconductor memory device Which can transmit 
valid data 0.2 ns faster relative to the fourth clocked regen 
erative ampli?er 200-5 Whose sense ampli?cation enable 
time point is 4 ns. 

FIG. 5 is a block diagram illustrating a data output path of 
a semiconductor memory device having a clocked regenera 
tive ampli?er according to a ?rst exemplary embodiment of 
the present invention. The semiconductor memory device of 
FIG. 5 comprises a memory cell 10, a bit line sense ampli?er 
20, an I/O sense ampli?er 30, a sense ampli?cation enable 
signal control portion 150, a clocked regenerative amplifying 
portion 250, a previous-step output driving circuit 350, and an 
output driving circuit 60. The sense ampli?cation enable sig 
nal control portion 150 comprises a variable delay 152 and an 
enable signal controller 154. The clocked regenerative ampli 
fying portion 250 comprises tWo clocked regenerative ampli 
?ers 255-1 and 255-2, tWo pre-charge portion 257-1 and 
257-2, and fourth inverters 1N2, 1N4, 1N6, and 1N8. The U0 
sense ampli?er 30 comprises a current ampli?er 32 and a 
differential ampli?er 34. 

Functions of the components of the data output path of the 
semiconductor memory device of FIG. 5 are described beloW. 
The memory cell 10, the bit line sense ampli?er 20, the I/O 

sense ampli?er 30, and the output driving circuit 60 are sub 
stantially identical in operation to those of FIG. 1, and thus 
description thereof is omitted. 
When the sense ampli?cation enable signal control portion 

150 receives an initial sense ampli?cation enable signal 
SA_EN and a user de?ned signal User_def, the variable delay 
152 delays the initial sense ampli?cation enable signal 
SA_EN by a predetermined time, and the enable signal con 
troller 154 outputs the non-delayed sense ampli?cation 
enable signal SA_EN[1] together With the delayed sense 
ampli?cation enable signal SA_EN[2] having a constant time 
margin in light of an operation speed varying request of a user 
through the user de?ned signal User_def of the semiconduc 
tor memory device. 
The tWo clocked regenerative ampli?ers 255-1 and 255-2 

both receive the output signals IN and INB Which do not have 
a poWer voltage level or a ground voltage level from the I/O 
sense ampli?er 30, the clocked regenerative ampli?er 255-1 
outputs the output signals Q[1] and QB[1] of a poWer voltage 
level and a ground voltage level for the high speed semicon 
ductor memory device Whose operation speed is changed to 
an operation speed requested by the user according to control 
of the non-delayed sense ampli?cation signals SA_EN[1], 
and the clocked regenerative ampli?er 255-2 outputs the out 
put signals Q[2] and QB[2] of a poWer voltage level and a 
ground voltage level for the loW speed semiconductor 
memory device according to control of the delayed sense 
ampli?cation signals SA_EN[2]. 
The tWo pre-charge portions 257-1 and 257-2 pre-charge 

both output terminals of the tWo clocked regenerative ampli 
?ers 255-1 and 255-2 to a poWer voltage level before the sense 
ampli?cation enable signals SA_EN[1] and SA_EN[2] are 
respectively applied to the control terminals of the tWo 
clocked regenerative ampli?ers 255-1 and 255-2, and drop 
one of the outputs of the tWo clocked regenerative ampli?ers 
255-1 and 255-2 to a ground voltage level When one of the 
sense ampli?cation enable signals SA_EN[1] and SA_EN[2] 
is applied With a high level. 
The previous-step output driving circuit 350, in this 

example, comprises tWo NOR gates NOR3 and NOR4 and an 
inverter 1N9, and it simultaneously receives tWo positive sig 
nals and tWo negative signals Q[1] and Q[2] and QB[1] and 
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QB[2] from the tWo clocked regenerative ampli?ers 255-1 
and 255-2, performs an internal logic operation, and delays 
the operation result by a predetermined time before output 
ting it. 

FIG. 6 is a circuit diagram illustrating the variable delay 
circuit 152 of the semiconductor memory device of FIG. 5. 
The variable delay 152 of FIG. 6 comprises three NAND 
gates NAND1 to NAND3, an inverter IN1 and a delay portion 
153. The delay portion 153 comprises even-number inverters 
IN2-1 to IN2-N, Where N is an even number. 

The ?rst NAND gate NAND1 receives the initial sense 
ampli?cation enable signal SA_EN and a delay control signal 
con_d, performs a NAND operation on them and outputs the 
NAND result, and the delay portion 153 receives an output of 
the ?rst NAND gate NAND1 and delays it by a predetermined 
time before outputting it. 

The delay control signal con_d is a signal for controlling 
Whether to delay the initial sense ampli?cation enable signal 
SA_EN by using a mode register setting signal MRS or by 
manipulating a fuse. When the delay control signal con_d has 
a high level, the initial sense ampli?cation enable signal 
SA_EN is delayed, Whereas When the delay control signal 
con_d has a loW level, the initial sense ampli?cation enable 
signal SA_EN is not delayed. 
The second NAND gate NAND2 receives the initial sense 

ampli?cation enable signal SA_EN and the inverted delay 
control signal, performs a NAND operation on them and 
outputs the NAND result, and the third NAND gate NAND3 
receives an output signal of the second NAND gate NAND2 
and the output signal of the delay portion 153, performs a 
NAND operation on them and outputs the NAND result. 
An operation of the variable delay of FIG. 6 is described 

beloW in detail. 

In a case Where the initial sense ampli?cation enable signal 
SA_EN does not need to be delayed, if the mode register 
setting signal MRS or the fuse is used to apply the delay 
control signal con_d of a loW level, the ?rst NAND gate 
NAND1 performs an NAND operation to unconditionally 
output a high level output signal and applies it to the delay 
portion 153, and the second NAND gate NAND2 receives the 
initial sense ampli?cation enable signal SA_EN and performs 
a NAND operation to output the inverted sense ampli?cation 
enable signal. 

The third NAND gate NAND3 receives the high level 
output signal of the delay portion 153 and the inverted initial 
sense ampli?cation enable signal SA_EN and performs a 
NAND operation on them to output the non-delayed sense 
ampli?cation enable signal SA_EN. 

In a case Where the initial sense ampli?cation enable sig 
nal. SA_EN needs to be delayed, if the mode register setting 
signal MRS, or the fuse is used to apply the delay control 
signal con_d of a high level, the ?rst NAND gate NAND1 
receives the initial sense ampli?cation enable signal SA_EN 
and performs a NAND operation to output the inverted initial 
sense ampli?cation enable signal SA_EN, and the delay por 
tion 153 receives the inverted initial sense ampli?cation 
enable signal SA_EN and delays it by a predetermined time 
through the even-number IN2-1 to IN2-N While maintaining 
the inverted phase. 

The second NAND gate NAND2 receives an inverted sig 
nal of the delay control signal con_d With a high level and 
performs a NAND operation to output a high level output 
signal unconditionally. The third NAND gate NAND3 
receives the high level output signal of the second NAND gate 
NAND2 and the inverted initial sense ampli?cation enable 
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signal SA_EN and performs a NAND operation to output the 
predetermined time-delayed initial sense ampli?cation 
enable signal SA_EN_var. 
An operation of the data output path of the semiconductor 

memory device having the clocked regenerative ampli?er is 
described beloW With reference to FIGS. 5 and 6. 

For straightforWard description, in FIG. 5, assume that a 
user requests an operation speed of the semiconductor 
memory device to vary so that it operates at a 0.5 ns faster 
operation speed. 

If the initial sense ampli?cation enable signal SA_EN is 
applied With a loW level, the ?rst and second sense ampli? 
cation enable signals SA_EN[1] and SA_EN[2] Which have a 
loW level are applied to the control terminals of the ?rst and 
second clocked regenerative ampli?ers 255-1 and 255-2, so 
that the tWo clocked regenerative ampli?ers 255-1 and 255-2 
do not operate and the tWo pre-charge portions 257-1 and 
257-2 pre-charge the output terminals of the tWo clocked 
regenerative ampli?ers 255-1 and 255-2 to a poWer voltage 
level. 

Thereafter, if the initial sense ampli?cation enables signal 
SA_EN transitions to a high level due to the commencement 
of the data read operation, the variable delay 152 of the sense 
ampli?cation enable signal control portion 150 receives the 
signal and delays it by 0.5 ns before outputting it, and the 
enable signal controller 154 maintains the ?rst sense ampli 
?cation enable signal SA_EN[1] to a loW level and transitions 
the second sense ampli?cation enable signal SA_EN[2] to a 
high level before outputting it since the user de?ned signal 
User_def still has a loW level. 
The ?rst clocked regenerative ampli?er 255-1 receives the 

?rst sense ampli?cation enable signal SA_EN[1] of a low 
level through its control terminal and so does not operate, but 
the second clocked regenerative ampli?er 255-2 receives the 
output signals IN and INB of the I/O sense ampli?er 30 Which 
are thirdly ampli?ed and output and is enabled by receiving 
the second sense ampli?cation enable signal SA_EN[2] of a 
high level through its control terminal to thereby amplify and 
output the positive and negative output signals Q[2] and 
QB [2] of a ground voltage level and a poWer voltage level by 
help of an operation of the pre-charge portion 257-2. 

MeanWhile, if a user determines that the operation speed of 
the semiconductor memory device needs to be improved in a 
state Where the initial sense ampli?cation enable signal 
SA_EN already transitions to a high level due to the com 
mencement of the data read operation, so that the user de?ned 
signal User_def of a high level is applied by using, for 
example, a fuse, the non-delayed ?rst sense ampli?cation 
enable signal SA_EN[1] transitioned to a high level and the 
delayed second sense ampli?cation enable signal SA_EN[2] 
transitioned to a loW level are output. 

Thus, the second clocked regenerative ampli?er 255-2 
receives the second ampli?cation enable signal SA_EN[2] of 
a loW level through its control terminal and so is disabled to 
stop its operation, and the ?rst clocked regenerative ampli?er 
255-1 receives the output signals IN and INB of the I/O sense 
ampli?er 30 Which are thirdly ampli?ed and output and is 
enabled by receiving the second sense ampli?cation enable 
signal SA_EN[1] of a high level through its control terminal 
to thereby amplify and output the positive and negative output 
signals Q[l] and QB[1] of a ground voltage level and a poWer 
voltage level, not delayed by 0.5 ns, by help of an operation of 
the pre-charge portion 257-1. 
The previous-step output driving circuit 350 simulta 

neously receives the ?rst and second positive signals Q[l] and 
Q[2] and the ?rst and second negative signals QB[1] and 
QB [2] from the ?rst and second clocked regenerative ampli 
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?ers 255-1 and 255-2, performs a NOR operation on the ?rst 
and second positive signals Q[l] and Q[2] through the NOR 
gate NOR3 and perform an OR operation on the ?rst and 
second negative signals QB[l] and QB[2] through the NOR 
gate NOR4 and the inverter 1N9, and outputs the operation 
output. 

The output driving circuit 60 receives the NOR result of the 
previous-step output driving circuit 350 through a gate of a 
PMOS transistor P1 and the OR result of the previous-step 
output driving circuit 350 through a gate of a NMOR transis 
tor N1 and outputs the read data RD buffered by inverting a 
voltage level to the data I/ O pin. 

FIG. 7 is a block diagram illustrating a data output path of 
a semiconductor memory device having a clocked regenera 
tive ampli?er according to a second exemplary embodiment 
of the present invention. The semiconductor memory device 
of FIG. 7 comprises a memory cell 10, a bit line sense ampli 
?er 20, an I/O sense ampli?er 30, a sense ampli?cation enable 
signal control portion 100, a clocked regenerative amplifying 
portion 200, a driver input portion 300, a previous-step output 
driving circuit 400, and an output driving circuit 60. The U0 
sense ampli?er 30 comprises a current ampli?er 32 and a 
differential ampli?er 34. The sense ampli?cation enable sig 
nal control portion 100 comprises a plurality of delays 120-1 
to 120-3 and an enable signal controller 140. The clocked 
regenerative amplifying portion 200 comprises a plurality of 
clocked regenerative ampli?ers 200-1 to 200-4 and a plurality 
of pre-charge portions 250-1 to 250-4. 

Functions of the components of the data output path of the 
semiconductor memory device of FIG. 7 are described beloW. 
The memory cell 10, the bit line sense ampli?er 20, the I/O 

sense ampli?er 30, the sense ampli?cation enable signal con 
trol portion 100, and the output driving circuit 60 are substan 
tially identical in operation to those of FIG. 5, and thus 
description thereof is omitted. 

The sense ampli?cation enable signal control portion 100 
receives the initial sense ampli?cation enable signal SA_EN, 
sequentially delays it by a predetermined time through a 
plurality of delays 120-1 to 120-3, and outputs a plurality of 
delayed sense ampli?cation enable signals SA_EN[1] to 
SA_EN[4] having a constant time margin in light of an opera 
tion speed characteristic and a manufacturing yield of a semi 
conductor memory device through the enable signal control 
ler 140. 
A plurality of clocked regenerative ampli?ers 200-1 to 

200-4 each receive the output signals IN and INB Which do 
not have a poWer voltage level or a ground voltage level from 
the I/O sense ampli?er 30 and respectively receive a plurality 
of delayed sense ampli?cation enable signals SAEN[1] to 
SA_EN[4], so that they selectively output the output signals 
Q[l] to Q[4] and QB[l] to QB[4] ofa poWer voltage level and 
a ground voltage level according to control of the correspond 
ing sense ampli?cation signals. 
A plurality of pre-charge portions 250-1 to 250-4 pre 

charge both output terminals of a plurality of clocked regen 
erative ampli?ers 200-1 to 200-4 to a poWer voltage level 
before the sense ampli?cation enable signals SA_EN[1] to 
SA_EN[4] are respectively applied to the control terminals of 
a plurality of clocked regenerative ampli?ers 200-1 to 200-4, 
and drop one of the both output terminals of each of a plurality 
of clocked regenerative ampli?ers 200-1 to 200-4 to a ground 
voltage level When the sense ampli?cation enable signals 
SA_EN[1] to SA_EN[4] are applied at a high level. 
The driver input portion 300 receives a plurality of sense 

ampli?cation enable signals SA_EN [3] and SA_EN[4], a 
ground voltage signal, and the positive output signals Q[l] to 
Q[4] and the negative output signals QB[l] to QB [4] of a 
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14 
plurality of clocked regenerative ampli?ers 200-1 to 200-4, 
outputs data of the corresponding clocked regenerative 
ampli?ers and then disables an output of data of the clocked 
regenerative ampli?ers of the tWo prior steps. 
The previous-step output driving circuit 400 should simul 

taneously receive a plurality of positive signals Q[l] to Q[4] 
and a plurality of negative signals QB[l] to QB[4] from a 
plurality of clocked regenerative ampli?ers 200-1 to 200-4, 
perform an internal operation, and delay the operation result 
by a predetermined time before outputting it. HoWever, unlike 
the semiconductor memory device according to the ?rst 
exemplary embodiment of the present invention, the previ 
ous-step output driving circuit 400 has a different logic con 
?guration of a NAND gate and a NOR gate in order to mini 
miZe a short-circuit current of the output driving circuit. 

FIG. 8 is a circuit diagram illustrating the previous-step 
output driving circuit 400 of the data output path of the 
semiconductor memory device of FIG. 7. The previous-step 
output driving circuit of FIG. 8 comprises eight-step drivers 
400-1 to 400-8, a NAND gate NAND, and a NOR gate NOR. 
In each of the 8-step drivers, a second PMOS transistor (Pl-1 
to P8-2) is serially connected to a ?rst PMOS transistor (Pl-1 
to P8-1) connected to a poWer voltage, a ?rst NMOS transis 
tor (N 1-1 to N8-2) is serially connected to a second NMOS 
transistor (N1 -2 to N8-2) connected to a ground voltage, and 
the second PMOS transistor is serially connected to the ?rst 
NMOS transistor. 

In the driver input portion 300, second to fourth positive 
output signals TR[2] to TR[4] are respectively applied to 
gates of the ?rst PMOS transistors P1-1 to P3-1 of the ?rst to 
third drivers 400-1 to 400-3, gates of the ?rst NMOS transis 
tors N2-1 to N4-1 of the second to fourth drivers 400-2 to 
400-4, and gates of the ?rst PMOS transistors P5-1 to P8-1 of 
the ?fth to eighth drivers 400-5 to 400-8, and ?rst to fourth 
positive output signals TR[1] to TR[4] are respectively 
applied to gates of the ?rst NMOS transistors N5-1 to N8-1 of 
the ?fth to eighth drivers 400-5 to 400-8. 

Also, in the driver input portion 300, ?rst to fourth negative 
output signals CF[1] to CF[4] are respectively applied to 
gates of the second PMOS transistors P1-2 to P4-2 of the ?rst 
to fourth drivers 400-1 to 400-4, second to fourth negative 
output signals CF [2] to CF[4] are respectively applied to 
gates of the second NMOS transistors N1-2 to N3-2 of the 
?rst to third drivers 400-1 to 400-3, gates of the second 
NMOS transistors N5-2 to N7-2 of the ?fth to seventh drivers 
400-5 to 400-7, and gates of the second PMOS transistors 
P6-2 to P8-2 of the sixth to eighth drivers 400-6 to 400-8. 

Meanwhile, an inverted signal SA_EN_SUMB of a pulse 
Width sum signal of a plurality of sense ampli?cation enable 
signals SA_EN[1] to SA_EN[4] is applied to the gate of the 
?rst NMOS transistor N1-1 of the ?rst driver 400-1, and a 
pulse Width sum signal SA_EN_SUM of a plurality of sense 
ampli?cation enable signals SA_EN[1] to SA_EN[4] is 
applied to the gate of the second PMOS transistor P5-2 of the 
?fth driver 400-5. 
The signal SA_EN_SUM is a signal in Which all pulse 

Widths of the ?rst to fourth sense ampli?cation enable signals 
SA_EN[i] to SA_EN[4] are added to extend an enable period 
and is used to perform a control operation for respectively 
applying a poWer voltage and a ground voltage to the gate of 
the PMOS transistor P1 and the gate of the NMOS transistor 
N1 of the output driving circuit 60 to thereby prevent the 
output driving circuit 60 from being driven. 
The inverted fourth sense ampli?cation enable signal 

SA_ENB[4] is respectively applied to the gate of the ?rst 
PMOS transistor P4-1 of the fourth driver 400-4 and the gate 
of the ?rst PMOS transistor P8-1 of the eighth driver 400-8, 
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and the fourth sense ampli?cation enable signal SA_EN[4] is 
respectively applied to the second NMOS transistor N4-2 of 
the fourth driver 400-4 and the gate of the second NMOS 
transistor N8-2 of the eighth driver 400-8. 

The NAND gate NAND and the NOR gate NOR receives 
an output signal UP output since output terminals NO1 to 
NO4 of the ?rst to fourth drivers 400-1 to 400-4 are connected 
to each other and an output signal DNB output since output 
terminals NO5 to NO8 of the ?fth to eighth drivers 400-5 to 
400-8 are connected to each other, perform a NAND opera 
tion and a NOR operation and output the operation results, 
respectively. 

FIG. 9 is a timing diagram illustrating an operation of the 
previous-step output driving circuit 400 of FIG. 8. FIG. 9 
illustrates the pulse Width sum signal SA_EN_SUM, a plu 
rality of sense ampli?cation enable signals SA_EN[l] to 
SA_EN[4], the ?rst to fourth positive and negative output 
signals TR[1] to TR[4] and CF[1] to CF[4] of the driver input 
portion 300, the output signal up of the ?rst to fourth drivers 
400-1 to 400-4, the output signal DNB of the ?fth to eighth 
drivers 400-5 to 400-8, the output signals UPB and DN of the 
previous-step output driving circuit 400, and the output signal 
RD of the output driving circuit 60. 
An operation of the previous-step driving circuit of FIG. 8 

is described beloW With reference to FIGS. 8 and 9. 
If the sense ampli?cation enable signals SA_EN[l] and 

SA_EN[2] sequentially transition from a loW level to a high 
level, the ?rst and second negative output signals CF[1] and 
CF[2] of the driver input portion 300 transition from a high 
level to a loW level. 
As the ?rst and second negative output signals CF[1] and 

CF [2] of the driver input portion 300 transition to a loW level, 
the output signal UP of the ?rst and second drivers 400-1 and 
400-2 transitions from a loW level to a high level or maintains 
a high level, and as the second negative signal CF[2] transi 
tions to a loW level, the output signal DNB of the sixth driver 
400-6 maintains a high level. Thus, the NAND gate NAND 
outputs a signal of a loW level, and the PMOS transistor P1 of 
the output driving circuit 60 is turned on, Whereby the output 
signal RD transitions to a high level. 

If the sense ampli?cation enable signals SA_EN[3] and 
SA_EN[4] sequentially transition from a loW level to a high 
level, the third and fourth positive output signals TR[3] and 
TR[4] of the driver input portion 300 transition from a loW 
level to a high level, and the ?rst and second negative output 
signals CF[1] and CF [2] transition to a high level again, 
Whereby a collision of data is prevented. 
As the third and fourth positive output signals TR[3] and 

TR[4] transitions to a high level, the output signal DNB of the 
seventh and eighth drivers 400-7 and 400-8 transitions from a 
high level to a loW level or maintain a loW level, and as the 
third positive signal TR[3] transitions to a high level, the 
output signal UP transitions to a loW level again. 
As both the output signals DNB and UP transition to a loW 

level, the NOR gate NOR outputs a signal of a high level, and 
the NMOS transistor N1 of the output driving circuit 60 is 
turned on, Whereby the output signal RD transitions to a loW 
level again. 

Thereafter, if the sense ampli?cation enable signals 
SA_EN[l] and SA_EN[2] transition to a loW level again, the 
pulse Width sum signal SA_EN_SUM transitions to a loW 
level again, and the output signal DNB of the ?fth driver 
400-5 transitions to a high level again in a state that the second 
positive output signal TR[2] has a loW level. 
As described above, the previous-step output driving cir 

cuit 400 operates such that the negative output signal of the 
N-th clocked regenerative ampli?er intercepts the positive 
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output signal of the (N —l)-th clocked regenerative ampli?er 
Which is a previous step and the positive output signal of the 
N-th clocked regenerative ampli?er intercepts the negative 
output signal of the (N —l)-th clocked regenerative ampli?er 
Which is a previous step. 
An operation of the data output path of the semiconductor 

memory device having the clocked regenerative ampli?er 
according to the second exemplary embodiment of the 
present invention is described beloW With reference to FIGS. 
7 to 9. 

For the sake of straightforWard description, it is assumed 
that the initial sense ampli?cation enable signal SA_EN 
Which is enabled at 3 ns is sequentially delayed by the three 
delays 120-1 to 120-3, each of Which delays it by a time 
period of 0.2 ns, Whereby it is delayed by 3.6 ns by the last 
delay, and a user requests an operation speed of the semicon 
ductor memory device to vary so that it operates at a 0.5 ns 
faster operation speed. 
The Word line enable operation of the memory cell 10, the 

operation of the bit line sense ampli?er 20 for receiving 
charge stored in the capacitor C of the memory cell 10 and 
?rstly amplifying a voltage, the secondly amplifying opera 
tion of the current ampli?er 32 of the I/O sense ampli?er 30, 
and the thirdly amplifying operation of the differential ampli 
?er 34 are substantially identical to those in the data output 
path of the semiconductor memory device according to the 
?rst exemplary embodiment of the present invention, and thus 
detailed description thereof is omitted. 

If a user requests an operation speed of the semiconductor 
memory device to vary so that it operates at a 0.5 ns faster 
operation speed, the operations for selectively operating a 
plurality of clocked regenerative ampli?ers 200-1 to 200-4 
and adjusting a sense ampli?cation enable interval by 
manipulating the user de?ned signal User_def to delay the 
sense ampli?cation enable signal by 0.5 ns by and controlling 
a plurality of sense ampli?cation enable signals SA_EN[l] to 
SA_EN[4] is substantially identical to those of the semicon 
ductor memory device having the clocked regenerative 
ampli?er of FIG. 5 according to the ?rst exemplary embodi 
ment of the present invention, and thus detailed description 
thereof is omitted. 
The sense ampli?cation enable signal control portion 100 

receives the initial sense ampli?cation enable signal SA_EN 
Which is enabled at 3 ns and delays it through the three delays 
120-1 to 120-3 each of Which delays it by 0.2 ns to thereby 
output the second to fourth sense ampli?cation enable signals 
SA_EN[2] to SA_EN[4] Which are enabled at 3.2 ns, 3.4 ns 
and 3.6 ns together With the non-delayed sense ampli?cation 
enable signal SA_EN[l] in light of the manufacturing yield. 

Thus, since the ?rst sense ampli?cation enable signal 
SA_EN[l] maintains a loW level before 3 ns, the second to 
fourth sense ampli?cation enable signals SA_EN[2] to 
SA_EN[4] and the pulse Width sum signal SA_EN_SUM of a 
plurality of sense ampli?cation enable signals are not gener 
ated, thereby continuously maintaining a loW level. 
A plurality of clocked regenerative ampli?ers 200-1 to 

200-3 commonly receive the thirdly ampli?ed output signals 
IN and INB from the I/O sense ampli?er 30 through their 
input terminals and individually receive a plurality of sense 
ampli?cation enable signals SA_EN[l] to SA_EN[4] Which 
are different in enable time points through their control ter 
minals, and only the clocked regenerative ampli?ers in Which 
the sense ampli?cation enable signal transitions to a high 
level are enabled to amplify and output the positive and nega 
tive output signals Q[l] to Q[4] and QB[l] to QB[4] of a 
ground voltage level and a poWer voltage level by help of an 
operation of the pre-charge portions 250-1 to 250-4. 
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For example, if the positive and negative input signal Q[3] 
and QB[3] are set as valid at 3.4 ns Which is a thirdly sense 
ampli?cation enabled time point, the ?rst and second clocked 
regenerative ampli?ers 200-1 and 200-2 that the sense ampli 
?cation enabled time points are 3.0 ns and 3.2 ns output 
invalid data, and the third and fourth clocked regenerative 
ampli?ers 200-3 and 200-4 that the sense ampli?cation 
enabled time points are 3.4 ns and 3.6 ns output valid data. 

In the ?rst driver input portion 300-1, the NAND gate 
NAND1 receives the inverted third sense ampli?cation 
enable signal SA_ENB[3] and the positive and negative out 
put signals Q[2] and QB[2] of the second clocked regenera 
tive ampli?er 200-2 through its input terminal, performs a 
NAND operation on them and outputs the NAND result, the 
?rst NOR gate NOR1-1 receives the output signal of the 
NAND gate NAND1 and the negative output signal QB[l] of 
the ?rst clocked regenerative ampli?er 200-1, performs a 
NOR operation on them and outputs the NOR result through 
the inverter IN1-2, and the second NOR gate NOR1-2 
receives the output signal of the NAND gate NAND1 and the 
positive output signal Q[l] of the ?rst clocked regenerative 
ampli?er 200-1, performs a NOR operation on them and 
outputs the NOR result through the tWo inverters IN1-3 and 
IN1-4. 

In the second driver input portion 300-2, the NAND gate 
NAND2 receives the inverted fourth sense ampli?cation 
enable signal SA_ENB[4] and the positive and negative out 
put signals Q[3] and QB [3] of the third clocked regenerative 
ampli?er 200-3 through its input terminal, performs a NAND 
operation on them and outputs the NAND result, the ?rst 
NOR gate NOR2-1 receives the output signal of the NAND 
gate NAND2 and the negative output signal QB[2] of the 
second clocked regenerative ampli?er 200-2, performs a 
NOR operation on them and outputs the NOR result through 
the inverter IN2-2, and the second NOR gate NOR2-2 
receives the output signal of the NAND gate NAND2 and the 
positive output signal Q[2] of the second clocked regenerative 
ampli?er 200-2, performs a NOR operation on them and 
outputs the NORing result through the tWo inverters IN2-3 
and IN2-4. 

In the third driver input portion 300-3, the NAND gate 
NAND3 receives the inverted ground voltage signal and the 
positive and negative output signals Q[4] and QB[4] of the 
fourth clocked regenerative ampli?er 200-4 through its input 
terminal, performs a NAND operation on them and outputs 
the NAND result, the ?rst NOR gate NOR3-1 receives the 
output signal of the NAND gate NAND3 and the negative 
output signal QB[3] of the third clocked regenerative ampli 
?er 200-3, performs a NOR operation on them and outputs the 
NOR result through the inverter IN3-2, and the second NOR 
gate NOR3-2 receives the output signal of the NAND gate 
NAND3 and the positive output signal Q[3] of the third 
clocked regenerative ampli?er 200-3, performs a NOR opera 
tion on them and outputs the NOR result through the tWo 
inverters IN3 -3 and IN3 -4. 

In the fourth driver input portion 300-3, the NAND gate 
NAND4 outputs a loW level since three inputs of a high level 
are applied to its input terminal, the ?rst NOR gate NOR4-1 
receives the output signal of the NAND gate NAND4 and the 
negative output signal QB[4] of the fourth clocked regenera 
tive ampli?er 200-4, performs a NOR operation on them and 
outputs the NOR result through the inverter IN4-2, and the 
second NOR gate NOR4-2 receives the output signal of the 
NAND gate NAND4 and the positive output signal Q[4] of 
the fourth clocked regenerative ampli?er 200-4, performs a 
NOR operation on them and outputs the NOR result through 
the tWo inverters IN4-3 and IN4-4. 
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Since the second to fourth sense ampli?cation enable sig 

nals SA_EN[2] to SA_EN[4] are not generated before the 
initial sense ampli?cation enable signal SA_EN transitions to 
a high level and so the positive signals Q[l] to Q[4] and the 
negative output signals QB[l] to QB [4] of a plurality of 
clocked regenerative ampli?ers 200-1 to 200-4 maintain a 
ground voltage level and a poWer voltage level, the previous 
step output driving circuit 400 simultaneously receives these 
signals to prevent the output driving circuit 60 from being 
driven. 

Thereafter, When the initial sense ampli?cation enable sig 
nal SA_EN transitions to a high level, the pulse Width sum 
signal SA_EN_SUM of a plurality of sense ampli?cation 
enable signals SA_EN[I] to SA_EN[4] transitions to a high 
level, and levels of the outputs of the driver input portion 300 
vary, so that the previous-step output driving circuit 400 out 
puts the signals for driving the output driving circuit 60. 

HoWever, it is necessary to intercept the outputs of the 
previous-step clocked regenerative ampli?ers so that a plu 
rality of clocked regenerative ampli?ers 200-1 to 200-4 
sequentially operate due to sequential enable operations of a 
plurality of sense ampli?cation enable signals SA_EN[I] to 
SA_EN[4] to amplify the positive and negative output signals 
Q[l] to Q[4] and QB[l] to QB[4] ofa ground voltage level 
and a poWer voltage level and transfer them to the output 
driving circuit 60. 

That is, in the previous-step output driving circuit 400, the 
positive and negative output signals of a plurality of clocked 
regenerative ampli?ers 200-1 to 200-4 are alternately input to 
the gate of the PMOS transistor and the gate of the NMOS 
transistor of each driver so that the negative output signal of 
the N-th clocked regenerative ampli?er can intercept the posi 
tive output signal of the (N—l)-th clocked regenerative ampli 
?er and the positive output signal of the N-th clocked regen 
erative ampli?er can intercept the negative output signal of 
the (N — 1 )-th clocked regenerative ampli?er. 

In order to disable all signals prior to the output signal of 
the (N—l)-th clocked regenerative ampli?er, the N-th driver 
input portion receives the inverted (N+2)-th sense ampli?ca 
tion enable signal together With the positive and negative 
signals of the (N+l)-th clocked regenerative ampli?er 
through the input terminal of the NAND gate NAND, per 
forms a NAND operation on them and outputs the NAND 
result to control the output signal of the N-th driver input 
portion. 

For example, if it is assumed that valid data are output from 
the third clocked regenerative ampli?er 200-3, the ?rst and 
second clocked regenerative ampli?ers 200-1 and 200-2 out 
put invalid data. Since the previous-step output driving circuit 
400 can disable the output signal of the second clocked regen 
erative ampli?er 200-2 Which is an one-step previous ampli 
?er but can not intercept the output of the ?rst clocked regen 
erative ampli?er 200-1 Which is a tWo-step previous 
ampli?er, invalid data output from the ?rst clocked regenera 
tive ampli?er 200-1 may collide With valid data output from 
the third clocked regenerative ampli?er 200-3. 

At this time, since the third sense ampli?cation enable 
signal SA_EN[3] is inverted, transitions to a loW level and 
then is applied to the input terminal of the NAND gate 
NAND1 of the ?rst driver input portion 300-1, the NAND 
result unconditionally has a high level, and so the ?rst and 
second NOR gates NOR1-1 and NOR1-2 are applied to the 
?rst driver input portion, thereby intercepting the output sig 
nal of the ?rst clocked regenerative ampli?er 200-1. 

This approach is different from a method for transitioning 
the sense ampli?cation enable signal of the previous step to a 
loW level to disable the clocked regenerative ampli?er of the 
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previous step to thereby intercept the output of the clocked 
regenerative ampli?ers of the previous step as in the ?rst 
exemplary embodiment of the present invention that tWo 
clocked regenerative ampli?ers are used. The second exem 
plary embodiment of the preset invention is particularly 
applicable in cases Where a time point that the output signal of 
the N-th clocked regenerative ampli?er Which is valid data 
When there are three or more clocked regenerative ampli?ers 
is disabled is dif?cult to be in front of a time point that the 
output signal of the (N—l)-th or less clocked regenerative 
ampli?er is intercepted. 
As described above, according to the exemplary embodi 

ments of the present invention, a reverse-proportion relation 
ship betWeen the manufacturing yield and the operation speed 
characteristic is minimized, and thus it is possible to manu 
facture the semiconductor memory device With the appropri 
ate manufacturing yield and the improved operation speed 
characteristic. 

While the invention has been particularly shoWn and 
described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made herein Without 
departing from the spirit and scope of the invention as de?ned 
by the appended claims. 

What is claimed is: 
1. A semiconductor memory device including a bit line 

sense ampli?er for amplifying a voltage corresponding to a 
charge stored in a capacitor of a memory cell and outputting 
an ampli?ed voltage at an output and an I/O sense ampli?er 
for receiving the output of the bit line sense ampli?er, ampli 
fying a voltage level of the output and outputting an ampli?ed 
voltage level, comprising: 

a sense ampli?cation enable signal control portion Which 
receives an initial sense ampli?cation enable signal, 
sequentially delays the initial sense ampli?cation enable 
signal by a plurality of predetermined time periods and 
selectively outputs a plurality of delayed sense ampli? 
cation enable signals in vieW of both an operation speed 
and a manufacturing yield of a semiconductor memory 
device; 

a plurality of clocked sense ampli?ers Which each receive 
an output signal of the I/O sense ampli?er, amplify the 
output signal of the I/O sense ampli?er in response to 
each of the plurality of delayed sense ampli?cation 
enable signals, and sequentially output an output signal 
of a poWer voltage level or a ground voltage level in 
response; and 

a previous-step output driving circuit Which sequentially 
receives the output signals of the plurality of clocked 
sense ampli?ers, delays the output signals of the plural 
ity of clocked sense ampli?ers by a predetermined time 
period, and then intercepts an output of the clocked 
sense ampli?er of a previous step. 

2. The semiconductor memory device of claim 1, further 
comprising: 

a plurality of pre-charge portions Which pre-charge both 
outputs of the plurality of clocked sense ampli?ers to the 
poWer voltage level in a state that each of the plurality of 
sense ampli?cation enable signals has a loW level and 
drops one output of the both outputs to the ground volt 
age level When each of the plurality of sense ampli?ca 
tion enable signals transitions to a high level; 

a plurality of driver input portions Which receive the plu 
rality of sense ampli?cation enable signals, a ground 
voltage signal, and the output signals of the plurality of 
clocked sense ampli?ers and output an output of a cor 
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responding clocked sense ampli?er before intercepting 
an output of a clocked sense ampli?er of a tWo-step 
prior; and 

an output driving circuit Which receives an output signal of 
the previous-step output driving circuit, delays the out 
put signal of the previous-step output driving circuit by 
a predetermined time period and outputs buffered read 
data. 

3. The semiconductor memory device of claim 2, Wherein 
each of the plurality of driver input portions comprises: 

a NAND gate Which receives and NANDs an inverted 
signal of a sense ampli?cation enable signal of a tWo 
step later or the ground voltage and output signals of a 
clocked sense ampli?er of a one-step later through an 
input terminal thereof and outputs the NAND result; 

a ?rst NOR gate Which receives and NORs the output 
signal of the NAND gate and a negative output signal of 
a corresponding clocked sense ampli?er and outputs the 
NOR result; 

a second NOR gate Which receives and NORs the output 
signal of the NAND gate and a positive output signal of 
a corresponding clocked sense ampli?er and outputs the 
NOR result; 

a ?rst inverter Which inverts an output of the ?rst NOR gate 
and outputs the inverting result; and 

second inverters Which buffer an output of the second NOR 
gate and output the inverting result. 

4. The semiconductor memory device of claim 3, Wherein 
each of the plurality of driver input portions receives and 
NANDs an inverted sense ampli?cation enable signal of a 
tWo-step later together With positive and negative signals of a 
(N + 1 )-th clocked sense ampli?er through an input terminal of 
the NAND gate NAND to control an output signal to disable 
an output signal of the N-th clocked sense ampli?er and all 
output signals prior to the output signal of the (N—l)-th 
clocked sense ampli?er. 

5. The semiconductor memory device of claim 1, Wherein 
each of the plurality of clocked sense ampli?ers is con?gured 
in a latch form for not performing an operation When each of 
the plurality of sense ampli?cation signals has a loW level, 
and generating and outputting output signals of the poWer 
voltage level and the ground voltage level in a short time by 
repetitive self ampli?cation While each of the plurality of 
sense ampli?cation signals transitions to maintain a high 
level. 

6. The semiconductor memory device of claim 1, Wherein 
the sense ampli?cation enable signal control portion com 
prises: 

a plurality of delays Which receive the initial sense ampli 
?cation enable signal, sequentially delay the initial 
sense ampli?cation enable signal by the plurality of 
predetermined time periods and output the delayed 
result; and 

an enable signal controller Which receives the initial sense 
ampli?cation enable signal and the plurality of delayed 
sense ampli?cation enable signals, and outputs a short 
time delayed sense ampli?cation enable signal for a high 
speed semiconductor memory device and outputs a 
long-time delayed sense ampli?cation enable signal for 
a semiconductor memory device of a high manufactur 
ing yield. 

7. The semiconductor memory device of claim 1, Wherein 
the previous-step output driving circuit comprises 

?rst to eighth drivers in each of Which a second PMOS 
transistor serially connected to a ?rst PMOS transistor 
connected to the poWer voltage is serially connected to a 
second NMOS transistor serially connected to a ?rst 
NMOS transistor connected to the ground voltage; 




